A proof of a strengthened version of the phase growth condition for Hurwitz stable polynomials is given. Based on this result, a necessary and sufficient condition for a polynomial
Introduction
Rantzer [13] gave a phase growth condition which is necessary and sufficient for a given polynomial to be a convex direction for the set of all Hurwitz polynomials. The phase growth condition directly gives that (i) anti-Hurwitz polynomials (ii) polynomials of degree one (iii) even polynomials (iv) odd polynomials, and (v) any multiple of polynomials from (i)-(iv) (taken one from each set) are examples of convex directions for the entire set of Hurwitz polynomials. In [2] , the alternating Hurwitz minor condition is used to construct convex directions which are not in one of the above sets (i)-(v). Clearly, the global requirement is unnecessarily restrictive when examining the stability of particular segment of polynomials and it is of more interest to determine conditions for a polynomial to be a convex direction for a single Hurwitz polynomial or for a specified class of Hurwitz polynomials.
There are several solution to the edge stability problem. Among these, the segment lemma of [3] gives a condition which requires checking the signs of two functions at some fixed points. Bialas [4] gave another solution in terms of the Hurwitz matrices associated with the vertex polynomials. In [7] and [11] , different definitions of local convex directions have been used. A polynomial but not vice versa. It seems that none of the methods described above is suitable in determining convex directions for subsets of Hurwitz stable polynomials. We will show by some examples that our result is suitable in determining convex directions for subsets of Hurwitz stable polynomials.
The paper is organized as follows. In the next section some properties of Hurwitz polynomials are recalled. In section 3, we state the main result, Theorem 1, which gives a necessary and sufficient condition for determining local convex directions for a Hurwitz polynomial. As an application of Theorem 1, given a polynomial
we construct a set of Hurwitz stable polynomials for which
is a local convex direction.
Hurwitz Stable Polynomials
Let R and C denote the field of real and complex numbers, respectively. Let .
[Only if] By definition, if
and (2) and (3) 
As all 7 w $ z are real and negative, we have
. By (2) and (3), we also have
By differentiating (7) and (8) The conditions (5) and (6) follow.
[If] If (6) (resp., (5)) holds, then the roots of is Hurwitz
holds. Rantzer in [13] has shown that a polynomial p(s) is a convex direction if and only if it satisfies the phase growth condition [13, 1] This example clearly shows that although
is not a global convex direction, i.e., it does not satisfy Rantzer's phase growth condition, it is a local convex direction for an infinite number of polynomials. Conversely, given a Hurwitz stable polynomial or a certain set of Hurwitz stable polynomials we can construct an infinite number of local convex directions which are not necessarily global convex directions.
Conclusion
In Theorem 1, LCC is given in terms of square roots of polynomials of 7 . This makes the condition difficult to check. We can overcome this problem by making additional assumptions on
